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Description 

1 pjgjd gl *he invention 

roonn The invention relates to a method lor searching 
!or acquisition ot a signal trom a GPS satellite with a 
multiple channel GPS receiver according to the pream- 
ble of claim l and to a multiple cha nnel GPS receiver 



pie m ^»qi"' « ■ . 

according to the preamble of claim 4. 

2 p~.w.pti™ <il the Prior Art 

[00021 Global positioning system receivers use sig- 
nals received from typically three or more overhead sat- 
ellites to determine navigational data such as position 
and velocity, and such systems may also provide atti- 
tude and time. GPS signals are available woridw.de at 
no cost and can be used to determine the location of a 
vehicle, such as an automobile, to within one city block, 
or better. Dual-frequency carrier GPS receivers typically 
track a pair of radio carriers. L1 and L2. associated with 
the GPS satellites to generate accumulated delta-range 
m easurements(ADR)fromP-cc<JerrK 3 dulationonthc«e 

carrier frequencies and at the same time track LI C/A- 
code to generate code phase measurements. Carrier 
Suency L1 is allocated to 1575.42 MHz and earner 
frequency L2 is positioned at 1 227.78 MHz. Less expen- 
sive receivers tune only one carrier frequency, and 
therefore do not have adequate information to compute 
the local ionospheric delays that will appear as position 
errors At such frequencies, radio carrier signals travel 
by line-of-sight. Thus buildings, mountains and the ho- 
rizon can block reception. 

100031 The constellation of GPS satellites in orbit 
about the earth presently comprises approximately sev- 
enteen individual satellites. Each transmits one of thirty- 
two unique identifying codes in a code multiple access 
arrangement. This allows all ot the many GPS satellites 
to transmit in spread spectrum mode at the same fre- 
□uency (plus or minus a Doppler frequency shift of that 
Sequency as results trom the satellite's relative veloci- 
ty) Particular satellites are sorted out of a resulting jum- 
ble of signals and noise by correlating a 1023 'chip- 
code to one of the thirty-two pseudo random number 
(PBN) sequence codes that are preassigned to individ- 
ual GPS satellites. These codes are not necessanly be- 
ing transmitted in phase with one another. Therefore, 
tinding" a GPS satellite initially involves searching var- 
ious carrierfrequencies, to account for Doppler frequen- 
cy shift and oscillator inaccuracies, and searching for a 
code match, using 1023 different code phases and 
twenty or more possible correlation code templates. 
rO0O41 In large cities with many tall buildings, one or 
more of the GPS satellites being tracked by a particular 
receiver, may be temporarily blocked. In some situa- 
tions, such blockage can prevent all the overhead GPS 
satellites from being tracked and such outages can last 
(or several minutes. GPS signals also become unavail- 



able to vehicles moving through underground or under- 
water tunnels. 

[0005] At least one background art GPS f ive-channel 
receiver directs all of its channels to focus on one sat- 
is ellite at initial turn-on, as is indicated by the user display 
on such receivers. This addresses the problem of sat- 
ellite signal Irequency uncertainty that exists due to 
Doppler effects and local oscillator inaccuracies in the 

receiverrA-search-1or-a-parficular-satellite-in-theappar= 

to ent Doppler frequency spectrum is conducted in parallel 
by segmenting the possible Doppler frequency spec- 
trum into as many segments as there are receiver chan- 
nels and appointing each of the several receiver chan- 
nels to attend to a search within a respective segment, 
rs [0006] Searching for acquisition of a signal from a 
GPS satellite with a multiple channel GOPS receiver is 
known from EP-A-0 442 341. The Doppler Irequency 
search range is divided into three ranges. Each range 
is searched in parallel by a separate receiver channel. 
20 roo07] A method for searching according to the pre- 
amble of claim 1 and a multiple channel GPS receiver 
according to the preamble of claim 4 are known from 
EP-A-0 429 783. The Doppler frequency search range 
is divided into two ranges, each range being searched 
25 in parallel by a separate receiver channel. Almanac data 
stored belore a signal interruption is usedlo acquire the 
satellite with the greatest elevation angle. 
[0008] When a search is begun, the single largest un- 
certainty stems from the random 
so frequency possible from typical local oscillators at 
start-up. Therefore, the apparent Doppler frequency will 
be totally unknown, regardless of whether the actual 
Doppler frequency is known, as might be available if the 
present position is known. 

c. IMMARY OF TH <= PARENT INVENTION 



[0009] It is therefore an object of the present invention 
to provide a system and method for reducing the time 
40 necessary for a first lix after turning on a GPS receiver. 
[001 0] The invention is defined in claims 1 and 4. 
[0011] Briefly, a preferred embodiment of the present 
invention includes a GPS receiver capable of concur- 
rently tracking up to eight GPS satellites. Firmware uv 
4S eluded in the GPS receiver comprises computer-imple- 
mented methods for parallel search, split search and 
precomputation. The parallel search method causes the 
apparent Doppler frequency spectrum to be sectioned 
into several segments and a first GPS satellite signal is 
so searched for in parallel in each of the segments. It the 
first GPS satellite is not found after a predetermined time 
has expired, then other satellites are attempted until a 
lirst satellite is tracked. 

[0012] Information from the parallel search is used to 
ss speed up acquisition of subsequent satellites. If enough 
satellites are not acquired for obtaining a first position 
lix after a predetermined duration, then a split search 
is conducted. The search method allows a lower cost 
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local oscillator to be employed that lacks the tempera- 
ture stability oi prior art oscillators. The split search 
method causes as many as half of the available chan- 
nels to be appointed to search for a first set of GPS sat- 
ellites while a second set of GPS satellites is sought in 
a search with the remaining channels. The precompu- 
tation method determines which GPS satellites are ex- 
pected to be at the highest elevations over the next suc- 
~ceeding seveTal hours-and-preparesa-searcrrlist-of ■ 
those candidate GPS satellites for use when the GPS 
is next tumed-on. If the time between tuming-off and 
turning the GPS receiver back on is only a few hours, 
the precomputed candidate search list is indexed to sup- 
ply a GPS satellite's identity that should result in a quick 
find after a relative short search. 
[0013] An advantage of the present invention is that 
it provides a method tor improving the time-to-f irst-tix for 
a GPS receiver. 

[0014] Another advantage of the present invention is 
that a system is provided that reduces search delays 
encountered when a GPS receiver has been denied sig- 
nal reception tor several minutes at the time the GPS 
receiver is first tumed-on. 

[0015] A further advantage of the present invention is 
that a system is provided that searches two lists of pos- 
sible GPS satellite signal sources, one list related to the 
last determined position and the second list interleaved 
with the first that uses the remaining positions in the 
world tor its position assumptions. 
[0016] Another advantage of the present invention is 
that a system is provided that precomputes future track- 
ing opportunities and therefore saves time in searching 
for GPS satellites to track when restarted after a short 
period of non-operation. 

[0017] A further advantage of the present invention is 
that a system is provided that includes a parallel search 
that puts the most search power around a nominal fre- 
quency and then moves the search outward after quickly 
searching the interior range. 

[001 8] Another advantage of the present invention is 
that a system is provided that includes a split search to 
minimize time-to-first-fix when the receiver antenna is 
covered or blocked at power up, while still allowing the 
receiver to be moved great distances while powered off 
by not entirely trusting in the last position. 
[001 9] These and other objects and advantages of the 
present invention will no doubt become obvious to those 
of ordinary skill in the art after having read the following 
detailed description of the preferred embodiments 
which are illustrated in the various drawing figures. 

IN THE DRAWINGS 
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Fig. 2A is a diagram of the radio spectrum and the 
apparent Doppler frequency spectrum divided into 
search ranges; 

Fig. 2B is a diagram of the radio spectrum and the 
apparent Doppler frequency spectrum showing a 
ping-pong sequence within a typical search range 
of Fig. 2A; 

Fig. 3A is a flowchart of the parallel search method 
—included as a-computer-subroutine in the-firmware_ 
of the GPS receiver of Fig. 1; 
Fig. 3B is a flowchart of a satellite selection process 
included in that of Fig. 3A; 
Fig. 4 is a flowchart of the split search method in- 
cluded as a computer subroutine in the firmware of 
the GPS receiver of Fig. 1 ; and 
Fig. 5 is a flowchart of the precomputation of future 
tracking opportunities method included as a com- 
puter subroutine in the firmware of the GPS receiver 
of Fig. 1. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 
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Fig. 1 is a block diagram of a GPS receiver embod- 
iment of the present invention that includes a set of 
computer-implemented methods in firmware; 



[0021] Fig. 1 illustrates a global position system 
(GPS) receiver embodiment of the present invention, re- 
ferred to herein by the general reference numeral 10. 
GPS receiver 10 is a six-channel type and includes a 
patch antenna 12, a low-noise amplifier 14, bandpass 
filter (BPF) 16, a mixer 18, a local oscillator (LO) 20, an 
intermediate frequency (IF) stage 22, a phase demod- 
ulator 24, a multi-channel GPS code correlator 26 and 
a GPS navigation computer 28 with a firmware memory 
30. Except for some parts of firmware 30, GPS receiver 
10 may comprise a commercially available unit, such as 
a portable three-channel GPS receiver marketed by 
Trimble Navigation (Sunnyvale, CA), under the trade- 
mark -ENSIGN'. 

[0022] Firmware 30 comprises computer instructions 
(programs) necessary lor the determination of geo- 
graphic position and velocity of GPS receiver 10, togeth- 
er with the time. Such programs are conventional and 
include functions to vary the frequency output of LO 20 
to sweep through the apparent Doppler frequency spec- 
trum to find signals captured by antenna 12 from GPS 
satellites. Correlator 26 is fed a variety of pseudo-ran- 
dom number (PRN) correlation codes and phases to de- 
modulate information carried by spread spectrum com- 
munication. GPS navigation computer 28 calculates the 
pseudo-ranges to a number of visible GPS satellites and 
uses orbit ephemeris and satellite almanac periodically 
received from the GPS satellites to determine a position 
fix by triangulation with the predetermined positions of 
the GPS satellites. 

[0023] When G PS receiver 1 0 Is f irst powered up, only 
a guess can be made as to which GPS satellites will be 
in the vicinity ; based on the last position and the alma- 
nac. A search through a list of possible PRN correlation 
codes must be conducted to identify and track those 
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GPS satellites that are actually available. Alter enough 
GPS satellites are acquired for a fix, the GPS sateilrtes 
to then search lor can be accurately predicted, leaving 
no uncertainty about the respective horizon angle of 
each At least three GPS satellites must typically be 
tracked for a position determination output from GPS 
navigation computer 28. 

[00241 A Doppler frequency shift of the transmitted 
carrieHrequenGyof-each-GPS-satellite-will-occur-that:.s_ 
dependent on the velocity (vector plus speed) relative 
to GPS receiver 10. This actual Doppler frequency shirt 
will create a few kilohertz uncertainty about the assigned 
U carrier frequency that must be overcome by sweep- 

inq through the radio spectrum to find the desired signal. 

Almanac information can be used to predict what the 

Doppler frequency should be, and so the search can be 

constrained. 

[0025] However, inaccuracies in the absolute fre- 
quency output of LO 20 can cause the spectrum of ap- 
parent Doppler frequencies to be broader than would 
otherwise be the case, e.g., plus or minus ten kilohertz. 
The prior art obtains quicker searches through the ap- 
parent Doppler frequency spectrum by using very high 
quality temperature-compensated crystal oscillators 
(TCXO) Such high quality local oscillators are expen- 
sive and add significant cost to GPS receiver 10. These 
oscillators have stabilities on the order of one to two 
parts per million (ppm). Low cost oscillators can vary as 
much as twenty ppm. Therefore, a compromise is tradi- 
tionally made between the expense of the local oscillator 
and the time-to-first-fix required to search through the 
apparent Doppler frequency spectrum. 
rO026] GPS receiver 10 has only to sweep within ap- 
proximately three hundred hertz of a GPS satellite signal 
to establish a lock on its carrier frequency. Such fre- 
quency sweeping is implemented by causing navigation 
computer 28 to load a variety of divider values for nu- 
merically controlled oscillators (NCO) that are a part of 
LO 20 Phase lock loop (PLL) circuitry, conventional to 
such devices within LO 20, provides the ability to cap- 
ture and lock within a limited range. Therefore, when 
searching for a signal from a GPS satellite, a strategy, 
as illustrated in Figs. 2A and 2B is used. 
[00271 In Fig. 2A, a three-channel GPS receiver is di- 
rected to align its three channels (CH0, CH1 and CH2) 
shoulder-to-shoulder in a first set (SI) of bins centered 
on a nominal center frequency. Fig. 2B shows a •ping- 
pong" search strategy that is used within each bin to lo- 
cate the GPS satellite's signal. Initially, the search be- 
gins close in on one side (+ is shown) to the nominal 
center Irequency of the respective bin, and bounces 
close in to the opposite side (- in the example). The 
bounce back and forth takes the search within each bin 
wider and wider until the whole bin has been searched. 
In Fig 2A, once the search of the three bins of S1 have 
been completed, a second set (S2) of bins is tried next. 
In Fig 2A CH0 and CH1 are appointed to the next two 
higher bins above S1 , and CH2 is appointed to the next 



bin below SI. The selection of which channels to use 
and which side gets the odd remainder channel is arbi- 
trary To balance the odd channel being used above the 
nominal frequency in S2, a set three (S3) has two bins 
below and one bin above the nominal center frequency. 
Many conventional search strategies for finding a signal 
within a pair of range boundaries exist, and many are 
compatible with the macro search strategy embodiment 

_of the presentJnvention-d.e.scrib^ 

invention is therefore not limited to the high and low 
ping-pong search just described. 
[0028] A parallel search computer-implemented proc- 
ess 40, illustrated by the flowcharts of Figs. 3A and 3B, 
causes GPS navigation computer28 to segment the ap- 
parent Doppler frequency spectrum into several sec- 
tions (e.g., first through third search ranges in Fig. 2A) 
and conducts parallel searches within each section us- 
ing the multiple GPS receiver channels available. In the 
case of a portable three-channel GPS receiver being 
used for GPS receiver 10, a part of the apparent Doppler 
frequency spectrum is divided into a lower, a nominal 
and an upper frequency segment. Enough time is al- 
lowed for parallel searches within each frequency seg- 
ment to search plus or minus one kilohertz. If a GPS 
satellite signal is not found, the upper and lower chan- 
nels are stepped out further so that each may search 
another segment of plus or minus one kilohertz. 
[0029] Process 40 comprises a power up step 41 , a 
step 42 that selects a satellite to search tor, a step 43 
predicts a nominal center frequency for the selected sat- 
ellite a step 44 partitions the radio frequency spectrum 
and appoints the available GPS receiver channels such 
that they cluster about the nominal center frequency. A 
step 45 causes each of the GPS receiver channels to 
search a first set of respective frequency bands in par- 
allel (S1 in Fig. 2A). However, the apparent Doppler fre- 
quency spectrum that may need to be searched may be 
wider than S1 . A decision is made in a step 46 whether 
a signal has been found. If not, a step 47 decides wheth- 
er a search limit has been exceeded. For example, the 
search limit could be a limit ol time and/or of frequency. 
If the search limit has been exceeded, then control pass- 
es back to step 42 to select another satellite. Otherwise, 
a step 48 appoints the available channels to a next set 
of frequency bands. A step 49 estimates the oscillator 
error based on both predicted and measured Doppler 
frequency. Then a split search is conducted. All subse- 
quent searches before the first fix use this estimate to 
refine, bound, or minimize the search range tor other 
satellites. For example, it the actual Doppler frequency 
for a satellite is one kilohertz (KHz) and the oscillator 
error is ten kilohertz, each satellite would take the limit 
to search, e.g., ten KHz. Thus the ten KHz range is only 
searched once, quickly. 

[0030] In F ig. 3B, step 42 is shown to comprise a step 
50 in which the highest GPS satellite is tried. If a signal 
from that GPS satellite was found, a step 51 directs the 
program control to exit. Otherwise, a step 52 selects the 
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next highest GPS satellite not already tried If a signal 
from that GPS satellite was found, a step 53 directs the 
program control to exit. Otherwise, a step 54 again tries 
the highest GPS satellite. If a signal from that GPS sat- 
ellite was found, a step 55 directs the program control 
to exit. Otherwise, a step 56 selects the next highest 
GPS satellite which appears to be below the horizon lim- 
it. Astep 57 looks to see if all the available GPS satellites 

— have -been-tried.-l1-not..control„returnsJo_step_50._Oth= 

erwise, a step 58 does a reset. For example, if there are 
six GPS satellites SV1 through SV6 with respective el- 
evation angles of 70°, 40°, 10°, -5°, -15° and -90°, then 
the order of selecting just described will select SV1, 
SV2, SV1, SV5, SV1, SV3, SV1, SV4, SV1 and SV6. 
After a reset as a result of step 58, the order will again 
be, SV1 , SV2, SV1 , SV5, SV1 , SV3, SV1 , SV4, SV1 and 
SV6. It will eventually try all the satellites, regardless of 
elevation. 

[0031] In the present invention, if the Doppler frequen- 
cy error is close in, as is usually the case, it may be found 
faster than can be done with the prior art. This results 
from placing more search capability near the predicted 
frequency, which is often very close to the actual fre- 
quency. For example, if the actual frequency is at -4 KHz 
and nominal at -1 KHz, the present invention can find 
the signal in the first pass. It would take a maximum 
search time to find the signal for a non-precomputed or 
a non-centered alternate technique. 
[0032] With greater numbers of GPS receiver chan- 
nels available in GPS receiver 10, more search ranges 
can be searched in parallel at any one time. With an 
even number of channels, e.g.. six channels, the search 
ranges are preferably positioned in frequency such that 
the nominal frequency is near the center of one of the 
two middle search ranges, rather than along a border 
between them. Although this makes the search range a 
little lopsided around the nominal frequency, the proba- 
bility of finding a GPS satellite signal is a bit better at the 
nominal frequency and a search will conclude sooner 
because searches typically start at the center of each 
search range, not the edges. Fig. 2A is typical of the 
sequence of such searches from S1 through S3 and be- 
yond. 

[0033] If antenna 1 2 (Fig. 1 ) is covered when GPS re- 
ceiver 10 is first turned on, navigation computer 28 
would typically discard any assumptions or precomput- 
ed information it may have had about which GPS satel- 
lites are probably in the vicinity. After a search had failed 
to track such GPS satellites, other GPS satellites would 
be tried. In the prior art, the original set of GPS satellites 
would not be retried until all the others in orbit about the 
world had been tried first. The round-robin time of such 
a search can be exceedingly long, and can cause a user 
to assume GPS receiver 10 is inadequate or not func- 
tional. Prior art GPS receivers avoided such problems 
by requiring the user to initialize the unit by asking for 
the current position. This is unpopular with users, be- 
cause a GPS receiver is supposed to provide one with 



a position, not ask for it. Therefore, such queries have 
been eliminated, but the uncertainty still remains. 
[0034] A split search computer-implemented process 
60 is diagrammed in Fig. 4. In a step 62, the eight GPS 
s satellites with the highest elevation based on an esti- 
mate of position are selected. It may be the case, how- 
ever, that the assumed horizon may be wrong. In a step 
64, a decision is made whether a sufficient number of 

GPS satellites are being tracked to obtain a current po- . 

to sition fix. If not, a step 66 tests to see if, since power up, 
a time-out has been exceeded and there are still an in- 
sufficient number of GPS satellites to compute a fix. For 
example, if five minutes has elapsed, a step 68 is en- 
gaged. Otherwise, control returns to step 64 to allow 
t5 more time. Step 68 re-computes elevations of GPS sat- 
ellites every thirty seconds and bases a search using 
one half of the GPS satellites based on position and the 
others regardless of position. For example, GPS satel- 
lites below the apparent horizon will be tried in a search 
20 for their signals. 

[0035] As mentioned in reference to Figs. 2A and 2B, 
initially, only one set of search ranges or bins is comput- 
ed, based on the last position, time and almanac, until 
a five minute time-out occurs. Then the "split" aspect is 
25 begun. A first search list preferably includes the highest 
elevation satellites that have been predicted by naviga- 
tion computer 28 using the GPS almanac and the last 
position fix to be the most likely to be available for track- 
ing. A second list may include those satellites that have 
30 been predicted by navigation computer 28 by sequen- 
tially searching for satellites independent of position, 
thus their elevation angles may be negative based on 
the present position could be erroneous. This strategy 
is based on the assumption that if GPS receiver 10 has 
35 been moved since the last operational period, the travel 
is more probably to have been a shorter trip rather than 
a longer trip, and therefore the horizon of the prevbus 
fix is more likely than the opposite side of the world, for 
example. 

40 [0036] It can require as much as three seconds after 
powering-on GPS receiver 10 to allow navigation com- 
puter 28 to compute which PRNs to use, based on cur- 
rent time, a current almanac and a prevbus position fix 
stored in memory. A precomputation process 80, illus- 

45 trated in Fig. 5, can be run periodically after the receiver 
has begun computing positions. Process 80 builds a ta- 
ble, in a step 82, of the particular PRNs that should be 
used for various times in the near future. Therefore, il 
GPS receiver 10 is powered down and then powered 

50 back up a tew hours later, GPS navigation computer can 
index and use the list of PRNs prevbusty computed, in 
a step 84, and thus save time to a first fix. Ephemeris 
information obtained during prevbus periods of opera- 
tion will be fresh enough and useful for only five or six 

55 hours after collection. Almanac information typically will 
have a useful life of approximately four weeks. However, 
if the period of non-operation exceeds several hours, the 
new ephemeris data collected must be processed and 
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the advantage ot premutation will be proportionately 
diminished. Therefore, precomputation process 80 .n- 
c udes the on-going background routine 82 that builds 
a table of which PBNs should be used for various times 
in the near future and indexes each by time. The inn.al- 
ization subroutine 84, executed at power-up of GPS re- 
ceiver 10. letches the PRNs from the table according to 

the current time. 
-T00371 - Once-a-lirst-GPS-sateflite-signar-has-been- 

ound. the apparent Doppler frequency can be further 
constrained in searches lor addrtional sate .tee ; hus 
speeding up the search for those additional satellites 
and the time it will take to compute a first position fix. 
This occurs when the oscillator uncertainty is much 
qreater thah the Doppler frequency caused by the rela- 
tive motion between the satellite and the receiver. 
[0038] In the present invention, if the first searched 
satellite is not found after lapse of a period ot time suf- 
ficient to search the entire Doppler frequency spectrum 
then a first assumption that such first satellite should 
have been visible given a probable position, is discard- 
ed Then a second assumption is made that causes the 
next lowest elevation satellite to be sought. (Satellites 
with higher elevations tend to have the strongest signals 
and a minimum of Doppler frequency shift.) If the , second 
assumption tails, the first assumption is |f ' ed - ° * wed 
aoain by the second assumption and then a third as- 
sumption that causes the still next lowest elevation sat- 
eZ to be sought. Each assumption will typcally dwell 
for twenty seconds. 
r00391 Every fourth time, a satellite below the horizon 
s tried in case the receiver has moved a large distance. 
The assumptions about which satellites are visible can 
become invalid when a GPS receiver has been shipped 
a areat distance since the last time it was turned-on and 
allowed to acquire a signal. However, such assumptions 
cannot be discarded too quickly or too permanently be- 
cause temporary problems can take a while to clear and 
the initial assumptions could well be correct. For exam- 
nie a GPS receiver in a car parked in a tall parking ga- 
raa'e could be denied GPS signal availability after turn- 
on for several minutes while the car makes it way out 
through the structure. 

100401 The present invention further provides tor a 
orecomputation of which GPS satellites will be visible at 
various times in the near future. This allows a GPS re- 
ceiver to be tumed-off and then turned back on up to 
several hours later and to use the identity of the GPS 
satellite most likely to be at the highest elevation, and 
thus the most visible, in an initial search. 
rO041] After acquiring the first satellite, a split search 
s conducted it a position fix is not found after lapse of 
a period of time sufficient to search the entire Doppler 
frequency spectrum, based on the current position. Giv- 
en V number of available receiver channels, half ot 
those channels will be used to continue a first assump- 
tion that such first satellite should have been visible, giv- 
en a probable position. The other hafl of the available 



channels is used for a second assumption that causes 
a next lowest elevation satellite to be sought. If the sec- 
ond assumption fails, a third assumption that causes the 

still next lowest elevation satellite to be sought is tried 
6 in the second half of the available channels. 
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A method tor searching for acquisition of a signal 
from a GPS satellite with a multiple channel GPS 
receiver having a local oscillator with a frequency 
uncertainty, wherein a Doppler frequency search 
range is divided into ranges and each range is 
searched in parallel by a separate receiver channel 
and wherein Almanac data is stored before a signal 
interruption, the method comprising the steps of: 

pre-computing a table of pseudo random 
number (PRN) codes associated with GPS sat- 
ellites predicted to be visible at a plurality ot 
times in the future based on said almanac for 
current time and the GPS satellites and a pre- 
determined geographic position ot the GPS re- 
ceiver, and 

fetching a PRN code from said table according 
to a time said GPS receiver is repowered up 
after, a period of non-operation that followed the 
step of pre-computing said table. 

2. The method of claim 1 , further comprising the steps 

of: 

searching for a signal from a first GPS satellite 
associated with said fetched PRN code m par- 
allel using said multiple channels of said GPS 
receiver such that a first search range is posi- 
tioned with a nominal frequency for said GPS 
satellite signal at its mid-point and a first chan- 
nel is appointed to search said first search 
range and a second channel is appointed to 
search in parallel a second search range adja- 
cent to said first search range, and 
splitting said multiple channels between 
searching for said first GPS satellite and a sec- 
ond GPS satellite if said first GPS satellite sig- 
nal was not found. 



3 The method of claim 1 or 2, wherein the pre-com- 
50 puting of said table includes ephemeris information 
obtained previous to said period of non-operation 
and said table extends forward in time for period lim- 
ited by the validity of said ephemeris information. 

ss 4. a multiple channel GPS receiver, comprising: 

multi-channel GPS receiver means for being di- 
vided into Doppler frequency search ranges; 
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storing means for almanac data; 
radio receiver means for searching for a signal 
from a first GPS satellite associated with a first 
PRN code in parallel using said multiple chan- 2. 
nels of said GPS receiver such that a first $ 
search range is positioned with a nominal fre- 
quency for said GPS satellite signal at its mid- 
point and a first channel is appointed to search 
said f i rsfsearch range and "a'seco'nd'chann el is 
appointed to search in parallel a second search io 
range adjacent to said first search range 

characterized by GPS navigational computer 
means (28) for pre-computing a table of pseudo 
random number(PRN) codes associated with GPS « 
satellites predicted to be visible at a plurality of 
times in the future based on a current time and GPS 
satellite almanac and a predetermined geographic 
position; 

table indexing means for fetching a PRN code 
from said table according to a time said GPS 
receiver is repowered up after a period of non- 
operation tht followed the step of pre-comput- 
ing said table; 25 ; 
and wherein the multi-channel GPS receiver is 
adapted for splitting said multiple channels be- 
tween searching for said first GPS satellite and 
a second GPS satellite if said first GPS satellite 
signal was not found. 30 



Patentanspruche 

1. Suchverfahren zum Ertassen eines von einem 
GPS-Satelliten kommenden Signals, wobei ein 
Vielkanal-GPS-Empf anger einen lokalen Oszillator 
mit einer Frequenzunbestimmtheit aufweist, wobei 
femer ein Doppler-Frequenzsuchbereich in einzel- 
ne Bereiche geteilt wird und jeder Bererch parallel 
mit einem separaten Empfangerkanal abgesucht 
wird und Almanac-Oaten vor einer Signalunterbre- 
chung gespeichert werden; mit folgenden Verfah- 
rensschritten: 



35 



40 



45 



Vorberechnen einer Tabelle mit Pseudozufalls- 
zahlencodes (PRN-Codes), die den GPS-Sa- 
telliten zugeordnet sind von denen man weiB, 
daB sie zu einer Vielzahl von zukunftigen Zeit- 
punkten sichtbar sein werden, und zwar auf der so 
Grundlage der Almanac Oaten fur den aktuel- 
len Zertpunkt und fur die GPS-Satelliten sowie 
der vorbestimmten geographischen Position 
des GPS-Empfangers; und 
Auslesen eines PRN-Codes von der Tabelle 55 
gemaB einem Zeitpunkt, bei dem der GPS- 
Emptanger wieder hochgef ahren wird, nach ei- 
ner Periode im nicht betriebsbereiten Zustand, 



die dem Schritt des Vorberechnens der Tabelle 
nachtolgt. 

Verfahren nach Anspruch l, das ferner folgende 
Schritte umfaBt: 

paraileles Suchen nach einem Signal von ei- 
nem ersten GPS-Satelliten, der dem ausgele- 

senen PRN-Gode zugeordnet ist, wobei die-vie- 

len Kanale des GPS-Empfangers derail be- 
nutzt werden, daB ein erster Suchbereich mittig 
zu der Nenntrequenz des GPS-Satellitensi- 
gnals positioniert ist und ein erster Kanal test- 
gelegt wird, urn den ersten Suchbereich zu su- 
chen und ein zweiter Kanal f estgelegt wird, urn 
parallel einen zwerten Suchbereich zu suchen, 
der zum ersten Suchbereich benachbart ist, 
und 

Aufteilen der vielen Kanale zwischen dem Su- 
chen nach dem ersten GPS-Satelliten und ei- 
nem zweiten GPS-Satelliten, wenn das erste 
GPS-Satellitensignal nicht getunden worden 
ist. 

. Verfahren nach Anspruch 1 Oder 2, dadurch ge- 
kennzeichnet, daB das Vorberechnen der Tabelle 
Beiinformation umfaBt, die vor dem Zeitraum des 
AuBerbetriebszustandes erhaften worden ist, und 
daB die Tabelle sich zeitlich vorwarts erstreckt, und 
zwar fur einen Zeitraum, der durch die Gultigkeit der 
Beiinformation begrenzt wird. 

I. GPS-Empfanger mit einer Vielzahl von Kanalen, 
der f olgendes umfaBt: 

eine GPS-Empfangereinrtchtung mit einer Viel- 
zahl von Kanalen, die in Doppler-Frequenz- 
suchbereiche geteilt werden; 
eine Speichereinrichtung fur die Almanac-Da- 
ten; 

eine Funkempfangereinrichtung zum paralle- 
len Suchen eines Signals von einem ersten 
GPS-Satelliten, der einem ersten PRN-Code 
zugeordnet ist, wobei die vielen Kanale des 
GPS-Empfangers derart benutzt werden, daB 
ein erster Suchbereich mittig zur Nenntrequenz 
des GPS-Satellitensignals positioniert wird und 
ein erster Kanal festgelegt wird, urn den ersten 
Suchbereich zu durchsuchen und ein zweiter 
Kanal festgelegt wird, urn parallel einen zwei- 
ten Suchbereich zu durchsuchen, der zu dem 
ersten Suchbereich benachbart ist 

gekennzeichnet durch: 

eine GPS-Navigationscomputereinrichtung 
(28) zum Vorberechnen einer Tabelle mil Pseu- 
dozufallszahlencodes (PRN-Codes), die den 
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GPS-Satelliten zugeordnet sind. von denen 
weiB. daB sie bei einer Vielzahl von w- 
Xltigen Zeitpunkten sichtbar sem werden, 
und zwar aul der Grundlage der Almanac-Da- 
ten foTeinen aktuel.en ZeHpunkl. undlOr den 
GPS-Satelliten und bezogen aul eine best.mm- 
te qeographische Position; 
eine Tabellenindizierungseinrichtung zum Aus- 

-^in^ 
maB einem Zeitpunkt. bei welchem der GPS 
Emplanger wieder hochgelahren wjrd und 
zvlrnache^emZeitraumeinesnichtbetnebs. 

bereiten Zustandes, der dem Schritt des Vor- 
berechnens der Tabelle nachfolgt; 
und wobei der Vielkana.-GPS-Empfenger hi 
der Uage ist, die vielen Kanale zwischen dem 
Suchen nach dem ersten GPS-Satelliten und 
einem zweiten GPS-Satelliten autzuspaten, 
wenn das erste GPS-Satellitensignal n.cht ge- 
f unden worden ist. 
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, Precede destine a rechercher 1'acquisition d'un si- 
V 2 provenant d'un satellite de GPS avec un re- 
^Lur de GPS a canaux multiples comportant un 

^ leouel une plage de recherche de Sequences 

teul distinct recherche dans chaque plage en paral 

e t dans teque. des donnees 
memorisees avant une interrupts de signal , 

le precede comprenant les etapes : ^ 

de calcul prealable d'une table de codes de 
nombres pseudo-aleatoires (PRN) assoc.6s 
atac Zs satellites de GPS dont on predj qu'rts 
Jeront visible* plusieurs fois dans le futur. en 

nresent et les satellites de GPS et une position 
gigraphique predeterminee du recepteur de 

dSraction. de ladtte table, d'un code do PRN 
enTonction d'une heure a laquel.e .edit rtcep- " 
teur de GPS est remis sous tension apres une 
periode de non-toncttonnement qui asuivil eta- 
pe de calcul prealable de ladite table. 

2 . Precede selon la revindication 1 . comprenant en 
outre les etapes : 

de recherche d'un signal provenant d'un I pre- 
fer satellite de GPS associe audi code de 
PRN extrait, en uti.isant en »«" £ 
naux multiples dudtt recepteur de GPS de la 
con a positionner une premiere plage de re- 
charcheavec,ensonpointmilieu.une1requen- 



14 

ce nominale pour .edit signal de satellite de 
GPS et a pointer un premier canal pour recher- 
cher dans ladite premiere plage de recherche 
et a pointer un second canal pour rechercher, 
en parallele. dans une seconde plage de re- 
cherche adjacente a ladite premiere plage de 

SdSndtdfts canaux mujip.es. .ntre une 
reeherche-dud^premier-satellrte-de^GPSet 

d'un second satellite de GPS s. ledrt . ..gnal de 
premier satellite de GPS n'a pas ete trouve. 

Precede selon la revendication 1 ou 2. dans lequel 
ie calcul prealable de ladite table comprend des in- 
formations d'ephemeride obtenues P^btement 
a ladite periode de non-lonctionnement. et dansle 
Lei ladite table s'etend en avant dans le emps 
pour « periode limitee par la vattdite desdites n- 
formations d'6ph6m6ride. 

. Recepteur de GPS a canaux multiples, 
comprenant : 

un moyen lormant recepteur de GPS a canaux 
multiples destine a etre divise en plages de re- 
cherche de tr6quences Doppler ; 
un moyen de memorisation pour des donnees 
d'almanach; . f , . _ . or 

un moyen recepteur radio des .n 
un signal issu d'un premier satellite de GPS as 
soci6 a un premier code de PRN en utilisarrt en 
ptSlele lesdits canaux multiples dudrt recep- 
teur de GPS, de facon a positionner une pre- 
miere plage de recherche avec. en son point 
milieu, une Irequenee nominale pour ledrt si- 
gnaldesatellitedeGPS,etapo,nterunpremer 

canalpourrechercher dans ladite premise pto- 
qe de recherche et a pointer un second canal 
pour rechercher, en parallele. dans .one secon- 
de plage de recherche adjacente a ladite pre- 
miere plage de recherche ; 

caracterise par un moyen (28) de calcul de 
navigation de GPS destine a ealcu.er pr6a.abte- 
men? une table de cedes de nombres Pse"do-a.^ 
toires (PRN), associes avec des satellites de GPS 
ST« pSit quite seront vteibtes plusieurs tois 
Ss'lu'tur. en se basant sur un almanach pour .e 
moment present et les satellites de GPS et une po- 
sition geographique predeterminee , 

un moyen rfindexation de table destine & ex- 
pire un code de PRN. de ladite table en lenc- 
,ion d'une heure a laquelle ledit recepteur de 
GPS a ete remis sous tension apres une perio- 
de de non-lonctionnement qui a suivi I etape de 
calcul pr6alable de ladite table ; et 
dans lequel ledit recepteur de GPS k canaux 



50 



55 



8 



15 EP 0 635 728 B1 



multiples est apte a diviser lesdits canaux mul- 
tiples entre une recherche dudit premier satel- 
lite de GPS et cfun second satellite de GPS si 
ledrt signal de premier satellite de GPS n'a pas 
ete trouve. 
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Power-Up 
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Predict Oscillator Error 

Based on Predicted 
and Measured Doppler 



T 



Go To Split Search 



W 49 



Appoint Channels to 
a Next Set of 
Frequency Bands 



48 
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Fig. 3B 



Enter 



c 



50 



TfyTligfiesrSatellite" 




52 



Select Next Highest Satellite 
Not Already Tried 
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Select Highest Satellite 
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